Mechanism of leucovorin reversal of methotrexate cytotoxicity in human MCF-7 breast cancer cells.
Previous studies have suggested that metabolic inhibition by methotrexate (MTX) is multifactorial and that cytotoxicity can be reversed by the reduced folate leucovorin. In this report we investigated the mechanism of leucovorin rescue in the MCF-7 human breast cancer cell line. Cells were exposed to various concentrations of MTX (0.5, 1.0, 3.0, and 10.0 microM) for 24 hr followed by rescue with labelled leucovorin (0.5 to 50 microM). The changes in the intracellular folate pools 24 hr following the addition of leucovorin were quantitated by high-pressure liquid chromatographic methods. The changes in the folate pools during rescue were compared with the ability of various concentrations of leucovorin to affect cellular rescue from MTX using a cloning assay. Our studies show that the total labelled intracellular folate pools increased in a log-linear fashion with respect to leucovorin exposure concentrations up to 100 microM. The degree of accumulation at a given leucovorin concentration was not significantly different in the absence or presence of MTX over the concentration range of 0.5 to 10 microM. Individual folate pool levels (tetrahydrofolate, 10-formyl tetrahydrofolate, 5-formyl tetrahydrofolate, 5-methyl tetrahydrofolate, and 5,10-methylene tetrahydrofolate) reached those present in cells not exposed to MTX at concentrations of leucovorin that were not adequate to rescue the MTX-treated cells. With exposure to concentrations of leucovorin capable of rescue, the individual folate pool levels were up to twelve times greater than those found in untreated cells, consistent with competition for catalytic activity at folate-dependent enzymes in addition to dihydrofolate reductase. The dihydrofolate pool also increased with increasing leucovorin concentration: but, unlike the reduced folates, this oxidized folate reached a maximal level that was dependent on the MTX concentration to which the cells had been exposed. This suggests that competition between MTX and leucovorin occurs at the level of dihydrofolate reductase via a competitive interaction with dihydrofolate in this intact cell system. The ability of leucovorin and its metabolites to compete with direct inhibitors of dihydrofolate reductase and other metabolically important folate-dependent enzymes appears to be associated with leucovorin rescue.